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You are given the following transformation of the coordinates (x, y) of a point in the

two-dimensional plane :
x o 1 -1\{x
y I 1\y

Which of the following statements describes the transformation?

{a) Rotation by an angle of 45° about the z-axis followed by translation by ene unit
along both x- and y-axes

=
=

totation by an angle of 45° about the z-axis followed by an expansion of both the

in
x- and y-coordinates by a factor o J_

(c) Translation by one unit along both x- and y-axes followed by an expansion of both
the x- and y-coordinates by a factor of +2

(d) Only a rotation by an angle of 45° about the z-axis

The elements of the infinite sequence 0, 1, 1, 3 .. satisfy the recursion relation

’ 2!
F ., =F, +2Fn y» Where F_ denotes the nth element. What is the value of
lim F, I 4 ®
n—e
(a) 1-2366
(b) 1-575
(¢ 1618

(d) The limit does not exist

For which of the following matrices both the eigenvalues are positive?

-7 2
@ (5 )
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4. Which of the following graphs gives the best representation of the real-valued function

ylx) =
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(b)
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5. A particle of mass m moves along the x-axis under the influence of the potential
Wx) = Vo{e'g“"‘ -2e~%¥). If the particle oscillates with a small amplitude around the
minimum of the potential, what is the period of oscillation? Takem =4,V = 2anda = %

A simple pendulum, made of a point mass m attached to a massless string of length I,
oscillates with a time period 7;. A second pendulum, in the shape of a thin uniferm rod,

I has the same length [ and the same total mass m and oscillates with the time period T,,.
} The thickness of the rod is negligible compared to [. The value of the ratio (T, /T}}is

| (@)

|' (b)

(d)

0-44

0:67

0-82

1-00
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7.

A block of mass 1 kg is initially held at rest on the frictionless surface of a wedge of
mass 5 kg (see figure). The wedge itself lies on a horizontal frictionless surface. The
block is now released so that it is allowed to slide down the slope. How far down the
slope does the block miove when the wedge has moved a distance of 1 cm?

609
(@ 120 em
(b) 100 em
(c) 80 em e
(d 69 cm

A planet of mass m moves in an orbit around the Sun (of mass M}. The nearest and
farthest distances from the Sun during the motion are o and b, respectively and Gis the
gravitational constant, The magnitude of the angular momentum of the planet around
the Sun is [Hint ; You may use conservation laws for energy and angular momentum.]

@ m2GMia+h

(b)  m~2GM (ab)/* p

ab "
@ m HQGM(MJ
# a? + b2

A truck is moving along a straight highway with a speed of 108 km /hr towards a source
(fixed on the highway) of microwave radiation of frequency 10 GHz. What will be the
beat frequency if the radiation reflected by the truck is superposed with the emitted
radiation?

(a) C kHz
(b) 1 kHz
() 2 kHz
(d) 10 GHz

Ghs™
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10.

11.

12.

Consider the following four functions each representing a plane wavs :
L filkusz f) = sin(v222 t - 2x = Ty + 132)

1. fztx,y,zt)=sin[mt-2x—3y-z}

L f,x 430 = sin(/89 t -4x - 3y + 82)

V. f,l6 42 f) = sin(125 t + 5x—6Iy+8z]

Which of the following pairs represents waves moving in mutually perpendicular
directions?

fa) I and Iil

(b) 1and IV
(c) 11 and IiI
(d) U and IV

What is the maximum amount of work that can be extracted from an object of heat
capacity C p? initially at a temperature T, by a heat engine that operates between this

object and a reservoir at temperature T,?

(a) Cp(Ty-T

(b) C,(T,-T)-CpRIn(T, /T)

() Cp(T,~T)n (T, /T})

(d) CP[T2 +T)) /2

Three concentric thin spherical shells of radii a, band ¢ (a < b < c) carry uniform surface

electric charge of densities 0, o and 6, respectively. The electric potential at the surface
of the outermost shell is

o
2 .2
(b) i[f_._b_.‘.a]
gl a @
2 2
{c) _q__c_._.b.y.a_u
Eq b b
2 2
(d) _E.(c..b_.*?_.}
ED c c
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13,

14.

15.

Four point chargss tq, and tq, are placed at the corners of a rectangle of sides aand b
as shown in the figure :

9 )
b
49y a -0

What is the magnitude of the dipole moment of the system?
{E'j o +‘12}1u +o
(b) (g, ~q,)(a-b)

(©) Jtg, +9,)%a? +(g, -a,)%b?

(d) The dipole moment will depend on the choice of origin

A very thin circular wire of radius a carries electric charge of uniform linear density p.
On its axis, the magnitude of the electric field attains its maximum value at a
perpendicular distance d from the plane of the wire (see the figure below). The value of
d is

-+

(a) ©

() 0:32a
{c) ©0:-50a
(d) 0-71a

An electron with kinetic energy of 10 'keV is moving in a circular orbit in a plane
perpendicular to a uniform magnetic field of strength 2 tesla (=2x10% gauss).

The period of rotation is nearest to

(a) 2:-8x107125
(b) 5-6x1071%g
(0 1-8x107tlg

(d) 1-1x1071%g
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16.

17.

18.

Consider a region of space in which there are uniform electric and magnetic fields which
are mutually parallel. A charged particle released from rest in this region will move in a

(a) straight line

(b} circle
(c} helix
(d) cycloid

A current of 3 amperes flows from A to Bthrough the circuit shown below. The potential

difference VA - VB is
B an l 1Q ‘ A
' = s5v

10V 3A

fa) +1V
(b) +7V
() -11V
(@ +27V

The peak value of the charge on the capacitor in an L-C oscillator is 10 coulomb.
The values of L and C are 1072 henry and 10~% farad, respectively. The maximum value
of energy stored in the inductor, during the oscillation, is nearest to

{a 10J
by 5J

€ 2x10%J

(dy 5x10°4J

Y L



19. A JFET amplifier has IDSS =16 mA and a pinch-off voltage Vo =-4 V. If it is used in

20.

21.

the circuit shown in the figure below, find the value of voltage amplification for small
signals : -

(a) 40
(b) —4-5
e} =75
(d) ~-10-0

The isothermal compressibility "Tl; g_v of one mole of van der Waals gas as a function
' P

of temperature and volume is (a and b are constants in the van der Waals equation
of ctate)

a) V*(v-b kg TV? - a(V-b)
b) V=52 [k TV? - 2a(V- b))
(€©) V2v-p? /g TV? =2a(V~b)?)

@ (V-b)/kgT

The intensity of radiation emitted by the Sun has its maximum value at a wavelength
of 500 nm. The corresponding value for the. star Polaris is 380 nm. Assuming that
these stars behave like blackbodies, the ratio (Tg /Tp) of the surface temperatures of
the Sun and Polaris is

(a) 170
(b} 1-32
{e) 076 !
(d) 0-58
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22,

23.

24.

25.

26.

A small block of copper with a specific of 100 calories/°C is initially at a temperature of
540 °C. It is then dropped into a large tank of water maintained at 27 °C. What is the
change in entropy of the combined system after equilibrium is established?

(a) Decreases by 100 calories /K
(b) Increases by 171 calories/K
(c) Decreases by 270 calories/K
(d) Increases by 70 calories/K

Letv,, v, and v, denote the components of the velocity along x-, ¥ and z-directions,
respectively, of an ideal gas particle. At the absolute temperature T; the average value of
the- product vi ufr ug is proportional to

@ T m) T3/

(@ T1° @ 7°

An optical telescope of diameter 2 m is being used to observe stars. What is the order

of magnitude of the minimum angular separation between two stars that can be
resolved by this telescope?

@ 107° by 1077
{c) 107° (d) 1011

According to the uncertajnty principle, the kinetic energy of an electron confined to
a spherical region of volume 10733 m?3 is of the order of

@ 107104
(b) 10727
© 1071y
(d 10716J

In a Compton scattering process, a photon of wavelength A is scattered off a charged
particle of mass m (initially at rest) by an angle 6. If the final wavelength of the photon
is A’, the difference A =1’

{a) depends on 6, but not on A
(b) depends on A, but not on m
(c) depends on both A and ©

(d) depends on 6, but not on m

9/65



27.

28.

29,

30.

The time-dependent wave function of a particle of mass m moving in one dimension
under the influence of a potential V[x) is given to be
ViE 1) = axe Brgive/h oo x>0
v o for x<0

where &, B and y are real numbers. For x > 0, the potential V(x) is of the form (k, and k,
are constants)

k2 k2
(a) kl +—x- (b) k, +;?
(© K, +k,x @ Kk +k,x?

N2 denote the average number of particies in the two states. If the ratio N2 le isl/e,
the frequency of the radiation corresponding to transition between the two states is
approximately

(a) 62x10° Hz

/

(b) 62x10'! Hg
(e} 62x10'3 Hg

(d) 62x10'S Hz

A radioactive nucleus X decays to Y with a mean lifetime T,. The nucleus Y is also

unstable and decays with mean lifetime (=1, /2.1 N, nuclei of X (but no nucleij of Y)

are present at ¢t = 0, how many nucleij of ¥ will be there when the number of X nuclei
becomes N, /2?

(a) N, /2e (b) N, /4
e N, /2 (d) N, /e
A beam of light moves in a slab of glass of refractive index n in the positive x-direction,

The slab itself is also moving in the positive x-direction with a speed vin the laboratory
frame. What is the speed of the beam of light as measured in the laboratory frame?

fa) e
(b) ic2n+c.v}f(c+nv)

© cl-d)

(@) (e? +ven) /(en+v)

* &k

lefs™
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1. The eigenvalues of the matrix are

-0 O O
o - 0 O
o O =~ Q
(w]

fa) +1,+1, +1and +1
(b) +1,+1, -1and -1
(cf 0,0 V2 and -2

(d) +v2, -2, +1/J2 and ~1/43 i

2. Three dices with faces marked 1, 2, -+, 6 are thrown together. Assuming that they are
unbiased, what is the probability that the sum of the numbers that tum up is 15?

(@) 1/108
(b) 3/108
(c) 5/108
d) 7/108

3. What is the value of the definite integral j’;{xlnxizdx ?.

(a) 1727
(b) 2/27
(© 1/9
@ 2/9

/20y




4.

Which of the following graphs gives the best representation of the real-valued function
y=xInx in the domain x > 0?

(a) i (b) »

© / @ Wi

/

e — x

A particle of mass m moves in the xy-plane in the presence of a potential V(x, y) so that
its Lagrangian is given by

L= -%m[:’c2 +i) --%(,w:"2 +y?)+2In|x -yl
Which of the following statements corresponds to the equilibrium of the sysiem?
(a) There is no stablc equilibrium at any finite values of (x, y}
(b) There is only one stable equilibrium at the point (x, ¥) =10, 0)
(c) There are two stable equilibria at the points (x, y) = (1, 1) and (-1, -}

(d) There are two stable equilibria at the points (x, Yy =(1, -1 and (-1, 1)

A uniform spring of spring constant k is cut into two pieces such that one piece is three
times as long as the other. The spring constant of the short piece is

{a) k/4
by k

(€ 4k/3
(d) 4k

135



7. A half-disc of mass M and radius R rotates about an axis that passes through the centre
of the straight side and is perpendicular to its plane (see figure). The moment of inertia
about the axis of rotation is

(a) MR?/8 (b) MR?*/4

(©) MR?/2 (d) 2MR?

8. ' Consider a pipe of length 65 cm with both ends open. How many modes of oscillations
of the air column are possible up to a frequency of 1250 Hz ? (Take the speed of sound
to be 330 m/s)

(@) 2 (b) 3

g 5 d 6

9. A plane wave of frequency » propagates so that planes of constant phase move with
speeds v, U, and v, along the x, y and z axes, respectively. The wave vector, K of the

plane wave (in terms of the Cartesian unit vectors i, jand k) is

(@) xzm[-l—-f»rihi&] ) K=w{+j+k)/Jvl+v]+v3
Ul U‘Z Ua

2

(c) K:m[ulf+v2}+u3f.] [ +v3

+vd) (4 K= v, + vy f+usR) /0

10. The concentration p(r, f) of ink diffusing in water is governed by the diffusion equation
d
P 1= Dv2p(x, )

where D is a parameter known as the diffusion constant. What is the average time
taken for a molecule of ink to spread by a root-mean-square distance R?

(@ R/D ) R/VD
(¢ R?/D {d) RD

IS



11.

12,

L

13.

14.

15.

The ratio F, /F, of the electrostatic Coulomb force F, fo the gravitational force F

between the proton and the electron in the first Bohr orbit (of radius ry) of a hydrogen
atom is closest to the following value

(a) 2x10% (b) 2x10%°

(© 2x10%r, @ -2x10%/rg

Two point charges g and 4q are located at 1, and L, respectively, on the xy-plane, The
magnitude Q and location R of a third charge to be placed on the plane such that the
total force on each of the three charges vanishes, are

(a) Q=-4g/9 and R=02rg + r,)}/3

(b) Q=-4q/5and R=(r +21,)/3

¢y Q=-4q/25 and R=(16x + t,) /17

(d) Q=-9g/4 and R=(g +21x,)/3

Consider a spherical cavity in an infinite, homogenecous and isotropic dielectric material
of permittivity & When placed in an external electric field E, the electric field inside the

cavity is

(a) 3eB/(2e+¢e) (b) (2e+ey)E /3¢

@ -¢E @ B/e

A circular coil of radius 120 mm with 10 turns is placed with its plane parallel to the
earth’s magnetic field. When a current of 0-45 A flows through the coil, a compass
needle placed at the centre of the coil is seen to be deflected by an angle of 45° to the
plane of the coil. The intensity of the earth’s magnetic field is calculated to be

{a) 0-3uT (b) 24 pT

(e) 42pT {d) 100 pT
Electric current of uniform current density is flowing through an infinitely long wire
with a circular eross-section of constant radius R. Which of the following relations gives

the magnitude B of the magnetic field measured inside the wire at a distance r from the
central axis of the wire (so that r < R)?

(@ Ber (b) Belnr

(c) Bel/r (d) Be1/r?

155



16.

o
~

18,

An amplifier has a voltage gain A, = 1000, input impedance 1 kQ and output impedance
500 @ A fraction B, = 0-1of the output voltage is fed back in series in opposition to the
input voltage. The input and output impedance after the feedback are given respectively
by the approximate values

(a) 100kQ and 5Q
(b) 1kQ and 5Q
() 109 and 50 k@

(d) 100k and 100 ©

In the circuit shown below, the output voitage is proportional to
.-__._[;,+_._.
Vin R
—WWW—
Vout

{a) 1n-Vi i
(b) exp(¥,)
() V|
@ -V, |

Which of the following statements is true regarding the voltage V measured at point A
and the steady-state value of current I in the circuit shown below?

19 \
——vVWWA— o

+W=HH=0V
(a) I=0DAand V=0V
b) I=0Aand V=1V
(€ I=1Aand V=1V

(d) I=0 A and V fluctuates randomly until the switch is closed

lefKS



19.

20,

21.

22,

An ideal gas undergoes an isothermal expansion (at a constant temperature T) from an
initial volume V| to a final volume Vz' The change in the entropy per mole is

(@ R(V/V,)

(b) RIn{V-V,]

() RIn(}/V,)

{d) RIn(V,/V)

A gas at a pressure p, and volume V, is compressed adiabatically to a volume Vg at

pressure p .. If the pressure-volume relation for this gas during adiabatic compression
is pV""(3 = K (where K is a constant), the work done during the compression is

1 1 .
o Kg)

5 1 1
b 5K {—2? - 2—]
. /3
2 VB! vz

(c) %[PBVB_PAVA}

5
{dl EIPBVB_'FAVA}

A gas, the molecules of which have mass m, is at equilibrium at absolute temperature T:
The root-mean-square of the relative velocity between any two molecules of the gas is

(@) 4kgT/mm

(b) 3kgT/2m

() BkgT/m

(d)y 6kgT/m

The energy loss due to diffraction for a plane wave reflected back and forth between two
plane mirrors '

(a) decreases with an increase in the size of the mirrors

(b) increases with an increase in the size of the mirrors

{c) decreases with an increase in the separation between the mirrors

(d) increases with a decrease in the wavelength of the light

)7/



23. Inasingle layer of graphite, called graphene, the carbon atoms form a hexagonal lattice
(see figure). How many carbon atoms are there in a unit cell of the lattice?

(a) One ; (b} Two
{¢) Three {d) Six

r

24. A gquantum particle in one dimension x moves under the influence of a potential that
supports bound states. Plotted below are the wave functions y vs. x corresponding to
four eigenstates of cnergy. Identify the wave functions corresponding to the ground

., State and the highest energy state among those shown :

SeEQP - .

/NI

i) (i)

(iii} (iv)

(a) (i) corresponds to the ground state and (iii) to the highest energy state
(b}  (ii) corresponds to the ground state and (iu) to the highest energy state
() (iv) corresponds to the ground state and (i) to the highest energy state

(d) None of these is the ground state and (i) corresponds to the highest energy state

19/ks™



25,

26.

27.

28.

An X-ray machine operates at a potential of 50000 V. What is the minimum possible
value of wavelength present in the radiation?

" () 00124 nm

(b) 00248 nm

{c} 0124 nm

(d) 0248 nm

The eigenstates of §z of a quantum particle with gpin Y2 are lT) =|s= —;, s, = %} and

s=—;», s, =—%>. Which of the following statements about eigenstates of the

-

operator S, is true?

(a) \T) is an eigenstate of 5,
(b) |l} is an ecigenstate of 5,
(c) t‘l‘)ﬂl‘) is an eigenstate of S,

{d) No linear combination of IT} and li) can be an eigenstate of S,

Consider a quantum particle of mass m in a three-dimensional isotropic simple

harmonic potential V(x, y, 2) = -;—mmz (x2 + y? +z?). It is known that the particle is in an

energy eigenstate with eigenvalue E = 7ho /2. Which of the following cannot be the wave
function of the particle? (In the following & = Jrmw/k and H, (g is the nth Hermite
polynomial)

(@) Hylexjexp (-o(y® +2%)
(b)  Hyjoexp (-o(x? +y? +2)
€  H,loy H, (ez)exp{-a x? + y? +22)

@) o) Hyeexpio? +y? +2°)

In order to determine the age of ancient wooden tools, radiocarbon dating method is
used. This is done by measuring the fraction of radioactive isotope '*C of carbon
compared to the normal (non-radioactive) isotope 120 in a sample. An old sample is
found to contain 1/10 times the fraction of 14C as compared to a fresh piece of wood.
Given that the half-life of 140 js 5570 years, the approximate age of the old sample is

(a) 557 years

(b) 12800 years
(¢ 18500 years
(d) 55700 years

/9/68”



29,

30.

In the Large Hadron Collider (LHC} in CERN, protons will be accelerated to an energy of
7 TeV (tetraelectron volt), i.e., 7x 10*2 eV: {As a matter of fact, two proton beams, each

with 7 TeV will collide so that the energy of collision in the centre of mass frame is
14 TeV.) The speed v of a preton of 7 TeV energy is in the range

(&) 0-9999990000¢ < v < 0-9999999999¢
(b) 0-999900c< v < 0-999999¢c

() 0-9900c<u<0-9999¢

(d) 0.90c<v<0.99¢

In the special theory of relativity, consider a Lorentz boost by a velocity v along the
x-direction. If u = ct+ x, then the boosted value u’ =ct’+x’ is

G s 1+U!cu
1-v/c
b) u'= 1-8/e,
1+u/ec

. l+uv/e
Y = —
1-v/e

(e)

P 1_0/(:!.1

d l+v /e

% % i
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The sum of the infinite series

n? a? n®

is

(a) convergent and equals zero
(b) convergent and equals 1/42
(¢} convergent and equals J2

{d) divergent

0O = =
-3
=
o

01
The eigenvalues of the matrix{1 0
11

@ -1,-1 and 2
(by -1, 1 and 2
(¢ -1,-2 and 2
(d =-1,2 and 2
Planck'c constant (h), the speed of light in vacuum (c) and Newton’s gravitational

constant (G) are three fundamental constants of nature. Which of the following
combinations has the dimension of length?

(@) JAG/c3/?
(b) JRG/c5/?

(€ he/G
(d) Gc/n¥?

Consider a simple harmonic oscillator made up of a mass attached to a spring. What
will be the effect on the motion if the mass were to stay completely immersed in a
liquid?

(2) The motion is simple harmonic but with 2 frequency which is lower compared to
when it is in air

(b) The motion is always of the damped harmonic type
() The motion is always overdamped

(d) The motion is either of the damped harmonic type, or it is overdamped, depending
on the liquid

295




'

The kinetic energy T and the potential energy V of a spring-mass system executing a
simple harmonic motion vary with time. At an instant of time, at which the product 7V
agsumes its maximum value, let the displacement be a fraction f of the amplitude of
oscillation. The absolute value of f is

fa)y 1/43
(b) 1/42
© 1/3
@ 1/2

Three identical rings of radius a are placed on the xy-plane so that each ring touches
the other two tangentially. Each ring, which may be considered to be infinitesimally
thin, has a mass M. The centres of the three rings are equidistant from the z-axis—this
common distance being 2a /3. What is the moment of inertia of this system about
the z-axis?

(a) 3Ma? /4
(b) 3Ma? /2
() 6Ma?
{d) 7Ma?

A particle of mass 1 kg is moving along the x-axis. There is no force on the particle
except during the time interval between t=0s and ¢t = § s, when a force of the form
Fit) = 12¢2 N /s? acts on it. If the velocity of the particle at t = 0 is 500 m/s, its velocity

at t=10 s is

(a) 800 m/s
(b) 1000 m/s
(¢} 1700 m/s

(d) 4500 m/s

Raindrops hit the ground with a terminal velocity that is achieved due to a balance
between the gravitational force and viscous drag force of air. Assume a raindrop to be a
perfectly spherical water droplet of radius R. The momenturi that it transfers when it
hits the ground is proportional to

@ R

(b) R?
(© R?
(d) RS




10.

11-'

A wooden block B is at rest on the horizontal surface of a wooden platform P. The
coefficient of static friction between these two is .. The platform starts moving suddenly
with a uniform acceleration a. The minimum value of a so that the block B starts
moving with respect to the platform P is (g denotes the acceleration due to gravity)

(@) (1-ug
(b) (1+mg
e} »g

@ (-r%g

An ideal gas expands in a process in which its pressure depends on the volume as
p= poe'“v, where p, and a are two positive constants. If n is the number of moles in

the gas, the maximum temperature that it will attain in this process is (R is the
universal gas constant)

(a) Py I’mnR

(b)  p, jan®R

(©) epy/ank

(d) p{z) JanR

Consider the process of melting of a spherical ball of ice. Assume that the heat is being
absorbed uniformly through the surface and that the rate of absorption is proportional
to the instantaneous surface area. Which of the following graphs depicts the change of
radius r (vertical axis) as a function of time t (horizontal axis)?

¥ TT
{a) (&)
¢ l-— —>t
r T
(© (@
>t —>t
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12.

13.

14,

15.

An ideal gas undergoes an isothermal change of volume, The initial and final volumes
are given to be 1-0 litre and 2-7 litres respectively. If in this process the entropy per mole
changes from 5, to S, the value of the difference S, — S, is neare st to (Ris the universal
gas constant)

(a) +2-7R
(b) +1-7R
(g +1:0R
(@ -1:0R

Let U, T, Sand P denote, respectively, the internal energy, temperature, entropy and
pressure of a thermodynamic system. Then a change AF in the free energy F=U ~-TS
Measures

(a) the heat exchanged at constant pressure .
(b) the work done by the system at constant entropy
{¢) the work done on the system at constant temperafure
(d) the heat exchanged at constant temperature

Which of the following integrals depends only on the initial and final states of 2
thermodynamic system {i.e., independent of the path of transformation)?

(@) jpav

(®) fdQ
( dQ
c) ]- =
(d) j T2dS

Two cylindrical rods A and Bof identical length and cross-section are joined end-to-end.
The free ends of A and Bare at 20 °C and 40 °C respectively. The thermal conductivity
of A is three times that of B. In the steady state, the temperature at the junction of
A and B is

(a) 25°C
b) 30 °C
(¢ 35°C
(d) /800 °C

25065~




16.

17.

18.

The amount of energy required to charge a metallic sphere of radius 20 m to a potentié.l
of 3000 V in air is

(@ 1x107 joule
(b) 2x1073 joule
© 3x1073 joule

(d) 4x107? joule

In a region of space that does not contain any electric charge, the electrostati

saticfies Lanlare’s sanatinn, Quinnnee that tha natential in ene
Salsles Lapiacc | equanon, Suppose natl Ing pottnua: Il SUuch

the formula

(3]
o
- 0
-~
2]
%

atinm te rAtven oy
t=4 is Lo

Vix, y, 2) = A(bxg +%y2 - 22]
where A and b are constants. Then the value of b
{a) can be arbitrary
(b) must be zero
{c) must be 1/2

{d) must be 1

Suppose that the electric field on the xy-plane is given by
E= P[xyf +(%x2 +y2J}}

The magnitude of the difference in potential between the origin (0, 0) and the
point (1, 2) is

5
=P
@ 2
11
b) —P
b 3
7
—P
@ 3

(d) not unique, it depends on the path joining the two points

R6/85



19,

20.

21.

Four electric charges of strength Q, Q, -Q and - Q are placed respectively at the points
(~b, 0), (b, 0, (0, —a) and (0, a} on the xy-plane. Ata distance d very-far away from these
charges (d >> a, b), the electric field will appear to be approximately that of

(a) a point charge
(b) a dipole
{c) a quadrupole

(d) a mixture of a dipole and a quadrupole

The potential due to an electric dipole p placed at the origin is known to be of the form
o=p r/ 3. The total flux of the electric ficld through a spherical surface of radius R

with the dipole at the centre is given by

(a) =zero
m -2zl
3 R
2upl
(c) R
@ +inlpl
3 R

In the following figure, ABC and CDA are two semicircular conducting wires of radius a
with the origin as their commeon centre. The are ABC lies on the xy-plane whereas CDA
lies on the xz-plane. They are joined as shown. This combined loop carries a current in
the direction indicated in the figure below. Which of the following unit vectors denotes
the direction of the resulting magnetic field vector at the origin?
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' 22.  In the LCR circuit shown below, the switch S is suddenly closed at t=0:

P’

2V

200 Q 1 ur

Which of the following diagrams represents the subsequent flow of current I(t) as a
function of time t?

It 1’: I{t) ’]: _________ »
xﬁ“m- | /—
(a) A n\:{j; >t (b) —> ¢t
1ty A 116)
(e} {d) > ¢

23. The kinetic energy of a free relativistic particle is E - me?, where E and m are its total
energy and rest mass respectively. Let v, be the speed at which the kinetic energy
equals the rest mass energy of the particle. Then

@ wvy=c /2
(b) v, =+3¢/2
() vy=¢

{d) v, >c (so this can never happen)

24. A galaxy is receding relative to us ata speed of 3000 km/s. It emits hydrogen redline of
wavelength 6560 A. When seen by us, the wavelen gth of this radiation will appear to be

(a) higher by approximately 65 A
(b) lower by approximately 65 A
(¢) lower by approximately 6 A

(d) higher by approximately 6 A

2B/¢5”



25.

26.

27.

28.

The angular frequency ® of deep water waves varies as the inverse sguare root of the
wavelength A, i.e., ©fA) = 1/ JA. Which of the following is the relation between its group
velocity Vg and phase velocity up?

@ v,=v, /2

by v,=v

{c) V= 2v P

(d) o, - Av b

Suppose you are using light of waveiength 6250 A in combination with a plane

diffraction grating which has 1600 lines per cm. The upper limit on the order of
diffraction maxima that can possibly be Seen with this arrangement is closest to

(a) 25
(by 18
(¢ 10
(@) 2

In a Young's double-slit experiment, the two slits are such that the dark fringes are
perfectly dark (i.e., the intensity vanishes at these points). Now, we double the width of
one of the two slits. What will be the effect on the interference pattern?

(a) The fringe pattern as well as the contrast between the dark and bright fringes will
change

(b) The fringe pattern will not change but the contrast between the dark and bright
fringes will change

(¢) The fringe pattern will change but the contrast between the dark and bright
fringes will not change

(d) There will be no change in either the interference pattern or the contrast between
the dark and bright fringes

The wavelength of one of the visible lines in the spectrum of the hydrogen atom is
approximately 6560 A. It is known that this corresponds to a transition between the
states with the principal quantum aumbers n =2 and n=3. What will be the frequency
corresponding to the transition from the ground state to the first excited state?

(a) 456 x 10'* Hz
(b) 165 x 10'° Hz
(€ 247 x 10'° Hz

(d) 329 x 10'° Hz
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29.

30.

The intensity vs. wavelength distribution of a blackbedy is found to have its maximum
at the wavelength A max = 0°2 cm, Moreover, the total energy radiated Jis measured to
be 30 watts. If the temperature of the blackbody is now doubled, the new values of A nax
and J will be

(@ 01 cm and 120 watts
(b) 01 em and 240 watts
{c) 01 cm and 480 watts

{d) 04 cm and 60 watts

The radioactivity of a sample of Co®5 decreases by 4% every hour. (The decay product is
not radioactive.) The half-life of Co%% is approximately

(a) 1 hour
(b) 1 day
{c) 1 month

(d) 1 year

¥ A
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PART—A

Note : Answer all questions. Each question carries 10 marks,

Al. Show that

i sin(nx) _ in - x)

, D<xsn
n=1 n 2
=_£1£_-|2-_xj, -nSsx<0

A2. A harmonic oscillator consists of a mass m attached to a spring with spring constant k.
It is immersed in a fluid which damps the motion with friction coefficient b,

(a} Write down the differential equation which describes the time-dependence of the
displacement x(f) of the mass from its equilibrium position.

(b) Solve this equation, and identify parameter ranges for which the motion is damped
oscillatory or only damped,

345~



A3. The free energy of a cluster with N molecules has contributions from both volume and
surface terms as follows :
AG = A, V+YS

Here A . is the free-energy cost (per unit volume) of bringing the particles together, y is
the surface tension, and V, S denote the volume and surface area of the cluster,
respectively. Assume that the cluster is spherical in shape and each molecule has a
volume v, so that V= Ny .

fa) Express AG in terms of N.

(b) Assuming A, <0, obtain the value of N for which AG is maximum. Sketch AGas a
function of N.

{cj Compute the radius o

A4. A magnetic dipole of moment p is placed along the x-axis at the origin.

fa) Write down the magnetostatic potential, and the value of the magnetic field at an
arbitrary point 7. (No derivation is required.)

(b) The dipole executes oscillations along the x-axis with a small amplitude A and
angular frequency , so that the position in time is

x(t) = Acos(wt)

A coil of small area S is placed perpendicular to the x-axis at a distance b as
shown. Caleulate the e.m.f. induced in the coil. (Neglect the variation of the field

across the coil and take A <<b.)
(_b__m
> X
’ U
AS5. “A beam of thermal neutrons falling on a crystal gives rise to diffraction phenomena

analogous to those observed with X-rays.” Justify this statement by estimating
de Broglie wavelength of a neutron with a speed corresponding to the average thermal

energy at 300 K.

PART—B

Note : Answer all questions. Each question carries 5 marks.

Bl. Compute the eigenvalues and normalized eigenvectors of the matrix
010
A=|1 0 1
010
B2. A factory has four workers A, B, C and D who produce 1%, 3%, 5% and 7% defective
items, respectively. Furthermore, A, B, C and D work for 40%, 30%, 20% and 10% of the

time, respectively. If a defective item is produced, what is the probability that it was
produced by A?

335



B3.

B6.

BT

BS,

B9.

B10.

A ball hits the ground at an angle of 45° with a speed of 1 m/s. After every bounce, the
vertical compeonent of velocity is reduced in magnitude by 10 percent. What horizontal
distance does the ball travel between the first bounce and the tenth bhounce?

Write down the expression for Maxwell’s velocity distribution law and speed Flistri.bution :
law. Find the most probable value of the particle speed. Obtain its ratio with the
root-mean-square speed of the particles.

Prove the thermodynamic relation

where the symbols have their usual meanings.

A particle of charge g is placed near a large planar metallic sheet. The perpendicular
distance of the charge from the sheet is d. Calculate the force of attraction exerted by
the sheet on the charge,

A proton is moving with a high speed so that its mass exceeds the neutron rest mass.
Under these conditions, can it undergo the following decay?

+
p—=n+e’ v,

A sample containing hydrogen atoms is subjected to an external oscillating magnetic
field of frequency 34 MHz. When another constant magnetic field of magnitude 0-78 T is
applied, proton spin-flipping is observed. Calculate the sirength of the local magnetic
field (due to the magnetic moments of the atoms and nearby nuclei) at the site of the
protons that are undergoing spin flips, assuming the external and local fields are
parallel there. The protons have a dipole moment p=1.41x10726 J/T.

A particle of mass m moves in a one-dimensional potential Vix) =|x|. Using the
Bohr-Sommerfeld quantization condition, or otherwise, find the n-dependence of the
nth energy level E .

The compound NaCl has a cubic lattice with density 2-167 g/cm 3. What is the distance
between adjacent atoms? Na has a molar mass of 23 g/mol, and Cl has a molar mass

of 354 g/mol.
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(i) The question Paper consists of two
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(i) All questions are Compulsory. Answers
should be written in the space following
each question, _

(i) Use of simple calculators is permitted.
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the question Paper for Rough Work.

PART-—A
Note : Answer all Questions. Each question carries 10 marks,

Al. Consider a particle of mass m moving along the x-axis in‘a potential of the
form V(x)= x3 —3x+ 3.

(a) Draw a schematic graph of this potential.
(b) Are there values of x at which the particle can be Stationary in
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3.

A4,

AS.

Note :

Bl1.

B2.

Let f=F/V)be the Helmholtz free energy per unit volume for a gas of N

particles.

(a) Show that the equilibrium pressure P is obtained as

el

where n(= N / V) is the number of particles per unit volume, and T is
the temperature of the gas.

(b) For an ideal gas, show that the frec energy per particle F=F/N)is
obtained as f =kgTIn(n)+Cyqp, where C, is a temperature-
dependent constant.

Consider a random walk of a person along a straight line, Each step is of
length [ and is equally likely to be in the forward or in the backward
direction. After n such steps are taken

(a) prove that the probability of the net displacement from the starting
point being equal to rl in the forward direction is given by

n! 1
P(r) =
0= {n-nr2in+ r)/zal[zn]
(p) show that the average value of r is equal to O;

() show that the average value of r? is equal to n.

Using Bohr’s theory of an electron in a hydrogen atom and the classical
theory of electromagnetism, calculate the strength of the magnetic field at
the location of the nucleus due to ‘electronic motion. Assume that the
electron is in the ground state.

PART—B
Answer all questions. Each question carries 5 marks.
An L-C oscillator consists of an inductor with inductance L and a
capacitor of capacitance C. A sinusoidal current with amplitude I, is

flowing through the circuit. Calculate the frequency of the current and the
average energy in the capacitor.

Solve the ordinary differential equation

x_%xg—(xirl}u:(}

given that ulx=1)=1
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B3.

B4.

BS.

B6.

B7.

BS.

B9S.

B10.

Estimate the maximum distance at which the eye is able to resolve the
two headlights of an approaching car, given the following information :
(a) Distance between the headlights is 1'4 m, (b) the pupil diameter of the
observer’s eye is 5 mm and (c) the wavelength of the light is 550 nm.
Assume that the diffraction effects alone limit the resolution.

A muon is an elementary particle of rest mass energy equal to 105 MeV. It
decays with a mean lifetime of 2:2x107% seconds in its rest frame.
Consider muons which are being produced with a kinetic energy gf
70 MeV. What is the average distance that such a muon travels before it

Apravs?

An electric charge Q is placed at the point gc = Yy =0, z = d). Calculate the
electric field flux through the circle x2+y2 =q? in the 2=0 plane.

Find the average velocity of the free electrons producing a current of
S amperes in a copper wire having a cross-sectional area of 4-0 square
mm. Assume that each copper atom contributes one mobile electron.
Density of copper is 9 x103 kg/ms. Atomic weight of copper is 635 a.m.u.

Suppose you are computing the derivative of a function f at the point x by
evaluating the function numerically at two different points separated by h.
For a given value of h which of the following two expressions constitutes a
more accurate representation of the derivative?

(@) [flx+h/2)=flx-h/2]/h
(b} [flx+h)-flx)]/h

Explain your answer.

Suppose you are putting identical hard spheres of diameter ¢ on a face-
centered cubic lattice. In the closest packed configuration of the spheres,
calculate the lattice constant of the cubic unit cell in terms of o.

A reversible cyclic engine operates between two identical bodies of
constant (temperature independent) heat capacity. Initially these two
bodies are at temperatures T; and T,. The engine comes to rest when
these two bodies attain a common temperature Ty. Express Ty, in terms of
T, and T,.

For a particle of mass m moving in a spherically symmetric potential V(r},
it is found that the value of the kinetic energy'is twice the value of the
potential energy for all circular orbits. Derive the form of V(r).
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